This study uses logit models to analyze the impact of participation in the Government of Canada's EnerGuide for Houses program on installation of energy efficient building shell measures. A major contribution of the paper is that it uses a rigorous statistical framework to examine the role of social interaction in the installation of energy efficiency measures. The key findings are: (1) participants undertook installation of shell measures at statistically significant higher rates than non-participants; (2) the no-spillover model found increased participant installation rates for energy efficient windows, ceiling installation and draft proofing; (3) the spillover model found increased participant and neighbor of participant installation rates for energy efficient windows, ceiling insulation and draft proofing; and (4) for those installing the measures, there were significant electricity and natural gas savings.
Introduction
The role of interactions in economic decision making has been an activity area of research in economics and engineering for over twenty years. In the common market paradigm in economics, the payoff function of a given agent depends on technology, tastes, resources and market parameters, in particular prices of goods and factors of production. In other words, the interactions between market actors are mediated by markets. In the interaction based paradigm, the payoff function of a given economic agent also depends on the choices made by other agents. There are several recent surveys of interaction models in economics and engineering. These surveys include Brock and Durlauf [1] , Moffitt [2] , Manski [3] , Hartman et al. [4] and Cutler and Glaser [5] .
Since the mid-1960s, a number of studies have explored the role of interdependent preferences. Lewis [6] examined the idea that poverty reflected a culture from which the poor could not easily escape. Davis and Whinston [7] examined housing discrimination as the consequence of externalities leading to prisoners' dilemmas and housing allocation which is not Pareto optimal. Coleman and his colleagues [8] examined school performance of disadvantaged children and argued that peer group effects in schools dominated teaching performance in terms of students' results. Schelling [9] examined segregation as a self-sorting mechanism which could be driven by a relatively small group of agents with extreme preferences. Wilson [10] revived the interest in neighborhood effects and role models in sociology and this work has spilled over to economics. Romer [11] and Lucas [12] emphasized the role of technology and human capital externalities which promote economic growth.
This largely theoretical work has led to a number of empirical studies focusing on the impact of social interactions on market outcomes. Becker [13] examined the roles of both social capital and individual capital in explain individual behavior. More recent work has examined social interactions in contexts removed from geographical neighborhoods. Brock [14] explored how the integration of interactions in the formation of expectations is useful in understanding volatility in asset markets. Brock and Hommes [15] further explored the impact of interaction in learning models for price dynamics. Several studies by Dasgupta [16] , Kohler [17] , and Durlauf and Walker [18] examined the impact of social interaction on the adoption of birth control and fertility rates.
Installation of energy efficient shell measures is an important part of many demand side management (DSM) programs, including the Government of Canada's EnerGuide for Houses program. But despite the policy and academic interest in social interaction, there appear to be few published studies which focus on social interaction and the installation of residential shell measures. This paper helps to fill this gap by providing a choice-based regression analysis of the installation decision for energy efficient windows, ceiling insulation and draft proofing, focussing on data collected as part of the evaluation of EnerGuide for Houses. In other words, a major contribution of the paper is that it uses a rigorous statistical framework to examine the role of social interaction in the installation of energy efficiency measures.
Model and Approach
In this section, we first provide a theoretical model of social interaction and second provide the empirical framework used to operationalize this theoretical model of social interaction.
To fix ideas for the theoretical model, we follow Cutler and Glaeser [5] and assume that individual i is a member of peer group g who undertakes activity X i , receives benefits of A i X i , and pays costs 0.5X i 2 to undertake the activity. Let X i * be the average consumption of X among individual i's peers, and individual i receives additional benefits of b·X i Letting A i * be the average value of a in peer group g and aggregating across the individuals in group g yields Within this simple framework, there are three main empirical implications. First, the presence of social interactions implies that an economic agent is more likely to undertake an activity when her peers also undertake that activity. The first implication follows directly from equation (2) .
Second, the presence of social interactions implies the existence of a social multiplier. Suppose, for example, that A i = a i + δz i where δ is a constant and z i is an exogenous variable. If the outcome is regressed on z at the individual level, the regression coefficient is an estimate of δ, but if the outcome is regressed on z at the aggregate level, the regression coefficient is an estimate of δ/(1-b). Since δ/(1-b) > δ, the relationship at the group level is greater than at the individual level, ie. there is a social multiplier.
Third, there is greater variation in the outcomes across the space of agents then is predicted on the basis of Next, turning to the empirical analysis, we first consider differences in technology installation rates between the participants (Part Share) and non-participants (Non-part Share). The difference in installation rates for each of the shell measures j (where j = 1, 2, 3) is calculated as follows, where the significance of each difference was calculated using the z-test for differences in sample proportions. For the no spillover model, the probability of installing measure j in dwelling i is as follows
For the spillover model, the probability of installing measure j in dwelling i is as follows 
Program Description and Data
In December 1997, The Government of Canada signed the Kyoto Protocol committing Canada to reduce greenhouse gas emissions by six percent below the level in 1990 for the period 2008 through 2012. As part of the Kyoto implementation plan, a number of initiatives were put in place including the EnerGuide for Houses program. The EnerGuide for Houses program uses detailed on-site dwelling audits, blower door test and whole dwelling modelling to understand current energy use and compare this to simulated energy use, assuming that recommended cost-effective retrofit measures are undertaken.
In addition, the house receives an EnerGuide rating which quantifies the house's relative energy use on scale from zero to 100. An EnerGuide rating of zero represents a house which has major air leakage, no insulation, and high energy use levels. An EnerGuide rating of 100 represents a house which airtight, well insulated, sufficiently ventilated and requires no purchased energy. As a benchmark, an EnerGuide rating of 80 would be viewed as representing a well-performing newly constructed dwelling. This is viewed as a benchmark of minimal acceptable energy performance in, for example, the BC Energy Code.
This study uses information which was collected as part of the Evaluation of the EnerGuide for Houses program evaluation. The main data sources included: a literature review, a review of program documents, interviews with program staff, focus groups held in Toronto and Montreal to identify key issues and test draft survey instruments, a survey of 48 building auditors, and a survey of 405 customers. The sample population included 198 program participants, 100 neighbors of program participants and 107 other non-participants. Data analysis included development of a market model, cross tabulations and related statistical tests, engineering algorithms and discrete choice modelling. Table 1 provides a summary of the survey data including definition of the variables and the mean value of each variable. A variety of data sources were used on including utility program files, utility information on current and forecast prices and costs, developer information on construction costs, and Government of Canada information. 
Results
As an initial step, we asked survey respondents to indicate which energy efficiency changes were made to their home over the reference period. The percentage of participants and of non-participants reporting the installation of each of the three building shell measures in their home during the reference period for this study is shown in Table 2. For energy efficient windows, the participant installation rate is 8.9% higher than the non-participant installation rate. This difference is significant at the 5% level. For ceiling insulation, the participant installation rate is 13.6% higher than the non-participant installation rate. This difference is significant at the 1% level. For draft proofing, the participant installation rate is 20.0% higher than the non-participant installation rate. This difference is significant at the 1% level. In the regressions reported below, the significance of the regression is examined using the chi-squared statistic, since the conventional measures of goodness of fit using adjusted R-squared and the F statistic are not appropriate for discrete choice based regressions, which are estimated using maximum likelihood rather than least squares methods. The standard error for each coefficient and the significance level for the chi-squared test are shown in parentheses. Table 3 presents the results for the efficient windows model with no spillover. Estimated partial effects are as follows: being a program participant increases the probability of installing energy efficient windows by 4.9%, an increase in fuel costs of $100 per month increases the probability of installing energy efficient windows by 0.01%, and an increase in household annual income of $1000 reduces the probability of installing energy efficient windows by 0.1%. Table 4 presents the results for the efficient windows model with spillover. Estimated partial effects are as follows: being a program participant increases the probability of installing energy efficient windows by 9.2%, being an neighbour of participant increases the probability of installing energy efficient windows by 8.4%, an increase in fuel costs of $1 per month increases the probability of installing energy efficient windows by 0.01%, and an increase in household annual income of $1 reduces the probability of installing energy efficient windows by 0.03%. Table 5 presents the results for the ceiling insulation model with no spillover. Estimated partial effects are as follows: being a program participant increases the probability of installing ceiling insulation by 9.3%, an increase in fuel costs of $1 per month increases the probability of installing ceiling insulation 0.2%, and an increase in household annual income of $1 increases the probability of installing ceiling insulation by 0.02%. Table 6 presents the results for the ceiling insulation model with spillover. Estimated partial effects are as follows: being a program participant increases the probability of installing ceiling insulation by 13.0%, being an neighbour of participant increases the probability of installing ceiling insulation by 7.0%, an increase in fuel costs of $1 per month increases the probability of installing ceiling insulation by 0.02%, and an increase in household annual income of $1 increases the probability of installing ceiling insulation by 0.01%. Table 7 presents the results for the draft proofing model with no spillover. Estimated partial effects are as follows: being a program participant increases the probability of installing draft proofing by 9.3%, an increase in fuel costs of $1 per month reduces the probability of installing draft proofing by 0.05%, and an increase in household annual income of $1 increases the probability of installing draft proofing by 0.26%. Table 8 presents the results for the draft proofing model with spillover. Estimated partial effects are as follows: being a program participant increases the probability of installing draft proofing by 11.0%, being an neighbour of participant increases the probability of installing draft proofing by 2.8%, an increase in fuel costs of $1 per month reduces the probability of installing draft proofing by 0.05%, and an increase in household annual income of $1 increases the probability of installing draft proofing by 0.25%. Table 9 shows the estimated measure savings for energy efficient windows, ceiling insulation and draft proofing in electrically heated houses. Estimated savings for energy efficient windows range from 546 kWh per year in British Columbia to 1,060 kWh per year in the Prairie Provinces. Estimated savings for ceiling insulation range from 1,291 kWh per year in British Columbia to 2,506 kWh per year in the Prairie Provinces. Estimated savings for draft proofing range from 338 kWh per year in British Columbia to 753 kWh per year in the Prairie Provinces. [19] . Table 10 shows the estimated measure savings for energy efficient windows, ceiling insulation and draft proofing in natural gas or oil heated houses. Estimated savings for energy efficient windows range from 2.74 GJ per year in British Columbia to 5.32 GJ per year in the Prairie Provinces. Estimated savings for ceiling insulation range from 6.42 GJ per year in British Columbia to 12.46 GJ per year in the Prairie Provinces. Estimated savings for draft proofing range from 1.94 GJ per year in British Columbia to 3.77 GJ per year in the Prairie Provinces.
It is perhaps worth noting that the estimated energy savings used in these tables are based on a detailed conditional published in a previous IASTED Conference volume [19] . A conditional demand model uses measured energy consumption from customer bills, weather data, and detailed end use and energy behaviour information to model energy consumption using basic thermodynamic principles. 
Discussion
Although there is large literature on spillovers, there are relatively few empirical studies of this issue in the area of energy efficiency. However, two studies have examined the issue of spillover in the form of the neighbor effect for alternative energy vehicles. Mau et al. [21] used multinomial logit modelling of stated preference data to examine potential customer purchase of hybrid electric vehicles and hydrogen fuel cell vehicles. Axsen et al. [22] also used multinomial logit models of stated preference data to examine potential customer purchase of hybrid electric vehicles.
The results for these two studies are compared with the present work in Table 11 . The results are generally consistent across the technologies. For all but one of technologies examined, the exception being hydrogen fuel celled vehicles, there is a measurable neighborhood or pillover effect. The exception for hydrogen fuel celled vehicles may be due to the particularly disruptive nature of the technology, which would require the installation of a network of hydrogen refueling stations. This may be viewed as a key market barrier by survey respondents.
Conclusion
This study uses logit models to analyze the impact of participation in the Government of Canada EnergGuide for Houses program on installation of energy efficient building shell measures. The study has four key findings as follows.
First, participants undertook installation of shell measures at statistically significant higher rates than nonparticipants: 8.9% higher for energy efficient windows, 13.6% higher for ceiling insulation, and 20.0% higher for draft proofing.
Second, the no-spillover model found participant incremental installation rates of 4.9% for energy efficient windows, 9.3% for ceiling installation and 9.3% for draft proofing.
Third, the spillover model found participant incremental installation rates of 9.2% for energy efficient windows, 13.0% for ceiling insulation and 11.0% for draft proofing and neighbor incremental installation rates of 8.4% for energy efficient windows, 7.0% for ceiling insulation and 2.8% for draft proofing.
Fourth, for those installing the measures, the annual savings for electrically heated and gas/oil heated dwellings respectively were 741 kWh and 3.72 GJ for windows; 1,751 kWh and 8.71 GJ for ceiling insulation, and 526 kWh and 2.63 GJ for draft proofing. 
